allowed for the use of a so-called "permissible bearing pressure" for preliminary dimensioning, and for foundation design in case of buildings with low importance. With this method, the central, vertical limit load of strip foundations and column footings with a given geometry could be obtained by applying the permissible bearing pressure along with shape and depth factors. In the light of the popularity of this method, and given that EC7 allows for employing design methods based on prescriptive measures, the authors have developed a new calculation method which conforms to the principles of EC7 and which is similar to the former method.
Indirect method
Results from comparable experience and from field and laboratory measurements and observations are employed, and the design is carried out for SLS loads such that the requirements for all relevant limit states should be fulfilled.
Indirect methods comprise calculations which are based on extensive experience and field measurements, e.g. probing.
One example for such an indirect method is the semi-empirical method presented in Annex E of EN 1997-1 [17] that is based on pressuremeter test results and is commonly used in France.
Prescriptive method
In this case, a so-called presumed bearing resistance is calculated.
EC7 categorizes the foundation design with the presumed bearing resistance as a prescriptive method based on conservative rules. As an example, Annex G of the standard contains a method to derive the presumed bearing capacity of spread foundations on rock [17] . There, an allowable bearing pressure can be calculated for different rock types, using the spacing of discontinuities and the uniaxial compressive strength of the rock.
Furthermore, a number of international guidelines [3, 11, 13, 20, 21, 23] belong to the prescriptive method, which include among others the method based on the "permissible bearing pressure", which was in use until the 1st of January 2011. in Hungary.
Presentation and evaluation of prescriptive methods
In engineering practice, the methods for pre-dimensioning play an important role, as they allow quick estimation of the buildings' main dimensions. During the design of larger buildings, the decision about employing shallow or deep foundations has to be made based on simple calculations and scarce geotechnical data. This has in turn an impact on the depth and number of soil investigations, the required quality of soil sampling and laboratory tests, which are used to set up the detailed geotechnical site investigation programme. Furthermore, the simplified methods may also be applied as the final stage in foundation design for buildings with low importance. Before the introduction of EC7 many European standards contained simplified design methods for shallow foundation. [3, 11, 20] Among others, the British Standard [3] gives values for the presumed bearing resistance applicable for different soil types and conditions. An excerpt from BS 8004 is shown in Table 1 . The BS states that these values may only be applied in predimensioning, and furthermore it is required that the groundwater table should lie deeper than B (shorter dimension of the footing) beneath the foundation level -and thus have no effect on the bearing capacity -and the footing should be at least 1.0 m wide (B>1.0 m). As it can be seen, even for the same soil conditions, presumed bearing resistances may vary significantly.
Although, the BS doesn't provide direct values for safety against bearing failure, comparison with bearing resistance back-calculated from presumed shear strength parameters of the corresponding soil classes indicates that the factor of safety is at least three. The standard does neither include corrections that account for a deeper foundation level (depth factor), nor for the footing geometry (shape factor).
A number of cases can be found in the literature, where the permissable bearing capacity already contains provisions to fulfil the requirements in the SLS [11, 13] . In these cases, usually the allowable footing pressures that correspond to a settlement of 1 inch (25 mm) are given. In each case, the authors of these tables stress that the values should only be adopted in the pre-dimensioning phase. Table 2 contains presumed bearing capacity values presented in the Handbook of Geotechnical Investigation and Design Tables [13] . Again, the author suggests using the values [20] provides diagrams for bearing capacity calculations, while limiting the anticipated settlements to 2-3 cm. However, the standard states that they may only be used in simple situations. It provides bearing capacity for vertically loaded strip foundations without load eccentricity. Soils are divided into two groups, granular and cohesive soils. Using the diagrams in the standard, the calculation of the bearing capacity is quick and straightforward. Such a diagram is shown in Fig. 1 , for the case of granular soils. The diagram may be used if there is no layer boundary beneath the foundation level, or the layers are homogenized based on local experience, and if the groundwater table has no effect on the bearing capacity, i.e. if its depth below the foundation level is larger than B.
The values of the diagram may be increased by 30 % if the soil is dense within 2B depth below the foundation level (at least 2 m). An additional 20 % increase may be applied in case of footings with square and circular layout. However, decrease of up to 40 % needs to be taken into account if the groundwater table reaches the foundation level. Fig. 1 Bearing capacity of granular soils [20] This standard may be the only one in the literature which accounts for inclined loads. In this case, the calculated values must be decreased by the factor of ( 
While a single diagram accounts for granular soils, the standard contains 7 diagrams for cohesive soils, depending on the plasticity index and the consistency of the soil. The application of these is limited to cases where the soil has a stiff, very stiff or hard consistency, or dense/very dense state. The standard emphasised that it does not account for the increase of pore pressure due to rapid loading, and that it must not be used for collapsible soils. The increasing and decreasing factors are similar to those presented for granular soils. The values of the diagrams in ÖNORM B4435-1 [20] show good agreement with the tabulated values by Burt Look [13] .
The French national codes valid before Eurocode only recommended simplified shallow foundation design methods based on pressuremeter test, and the national annex of the currently valid EC7 doesn't contains any recommendation regarding this. The currently valid BS EN 1997-1:2004+A1:2013 doesn't comprise a simplified design method for shallow foundations unlike its predecessor, therefore unfortunately no benchmark is provided. Although, the national annex of the Austrian EC7 doesn't include a simplified method either, but based on our best knowledge its development is in progress, and a new, revised version will be published shortly. The German DIN EN 1997-1 and DIN 1054 however contains a simplified design method for shallow foundations ("Vereinfachter nachweis in Regelfällen") harmonized with the EC. The tabulated values of bearing resistance design values (σ R,d ) were determined using γ R = 1.4 partial factor and were derived based on the EC7 recommended failure theory. Soil properties assumed for the calculations (primarily the shear strength parameters) are unknown, thus they can only be estimated by back-calculating form the tabulated values.
The German code [10] provides the design values of bearing resistance (σ R,d ) in altogether 6 tables, from which the first two concern granular soils, while the rest covers cohesive soils. Within granular soils there is no differentiation between sand, gravelly sand and sandy gravel; in the first table resistance values correspond to 2 cm settlement, while the second table gives values for 1 cm settlement. In case of cohesive soils the maximum settlement is 2-4 cm if values of the tables are used. However it should be noted that practising German engineers propose the performance of a separate settlement calculation for wider footings (2-3 m). The German standard doesn't apply separate shape and depth factors, their effect is taken into account via the tabulated values. For granular soils the values are listed depending on the cover depth (0.5-2.0 m) and footing width (0.5-3.0 m); for cohesive soils (silt, clay with low and high plasticity) the values are given depending on the cover depth and consistency.
Three types of consistency are considered: stiff (0.75 ≤ I c ≤ 1.0), very stiff (1.0 ≤ I c ≤ 1.3) and hard (1.3 ≤ I c ), for which uniaxial compressive strengths are also assigned that can be determined from undisturbed samples.
In the following two tables (Table 3 and 4) examples are shown for granular soils, and for medium silts, low and medium plasticity clays for cohesive soils.
Between the above presented resistance values linear interpolation may be employed. A separate table deals with the conditions upon which σ R,d can be increased, e.g. if the ratio of the sides of the footing is (L/B) is less than 2, then values given by Table 3 can be increased by 20 %.
In case of granular soils the depth of the groundwater is taken into account as follows: 1. if the groundwater level lies deeper than the width of the footing (d>B), then the tabulated values are valid; 2. if the groundwater level matches the foundation level, then the tabulated values should be reduced by 40 %; 3. if the groundwater level is between the above two conditions, linear interpolation should be applied; 4. if the groundwater level is situated above the foundation level, than the 40 % decrease of point 2 is only valid if the cover depth is larger than the footing width and at least 0.8 m. If Average uniaxial compressive strength q u,k (kN/m2) 120-300 300-700 > 700
A method similar to the above presented had been developed in 1964 in Hungary, which was later included in the standard for shallow foundations. In Section 2.4, the Hungarian standard [16] "Determination of bearing capacity and settlement of shallow foundations" allowed for the determination of the limiting footing pressure based on tabulated values.
These tables contained the so-called "permissible bearing pressure" for the main soil types (Table 5 and 6 ). The central, vertical limit load of a strip or spread footing could be determined by using the tabulated values and applying shape and depth factors, depending on the footing geometry and foundation depth. Limiting pressure of granular soils according to the former Hungarian standard:
where: σ a permissible bearing pressure, c 1 depth factor as (t + B)/2, t smallest cover depth above foundation level, B width of foundation, L length of foundation, c 2 shape factor:
in case of strip foundations and elongated, rectangular footings The standard offered a truly quick and simple method for pre-dimensioning, but in some cases the exact values could have been determined only with difficulties. The tables in the standard allowed for a casual soil classification (according to the former -not EC7-compliant -soil classification system) and allocated vaguely defined values to each category, rendering the selection of the permissible bearing pressure an ambiguous task.
The method applies a shape factor to the limiting pressure, with values being in good accordance with other proposals found in the international literature [12, 13, 20] . However, in contrast to other proposals, the bearing capacity of the foundation can be increased considerably through the depth factor by selecting larger footing widths and foundation depths. When analysing the components of a bearing capacity formula, it can be seen that such an increase may indeed be achieved for granular soils. For cohesive soils however increasing the cover depth has practically no effect on the bearing capacity due to the low friction angle; it is predominantly influenced by the value of the cohesion. For cohesive soils according to EC7, when the bearing capacity is calculated for undrained conditions with the undrained shear strength, the effect of cover depth is insignificant.
Presentation of the proposed method
The goals set for the newly developed method were twofold. On one hand, the developed method should allow for a quick and simple estimation of the bearing capacity of the soil, according to international examples, the former Hungarian practice, and conforming to the rules of EC7. On the other hand, the flaws found in the former Hungarian method presented above should be corrected. It should aid engineers in the pre-dimensioning of foundations, and in case of favourable ground conditions it should be applicable for the design of smaller buildings or buildings with less loading than usual.
(1)
Geotechnical data
The geotechnical input data was assessed in light of the aims of the proposed new method. The ground investigation report for buildings of less importance is usually based on a smaller site investigation programme. It mainly contains results from small-diameter boreholes, and eventually dynamic probing.
The soil samples obtained from small-diameter borings are usually disturbed samples, the possibility for the retrieval of undisturbed samples is limited. These disturbed samples are of quality classes 3-4 of category B [19] may only be used for soil classification tests (grain size distribution, plasticity index, organic content). Rarely direct shear tests are also carried out, but shear strength parameters are mainly determined from experience or taken from tables based on soil classification.
Through the results of dynamic probing, the density of granular soils may be classified as loose, medium dense or dense. The person conducting the drill also classifies the condition of the soil layers with these categories according to the drilling resistance of the layers. The evaluation of the density of cohesive soils according to dynamic probing results is a more complex task, in such a case it is advised to rely mainly on laboratory tests and draw upon the consistency index.
In ground investigation reports of simpler tasks, the designers will -at least in the Hungarian practice -find the results of soil classification with the description of the layers, their density and consistency, and mainly "tabulated" data on shear strength and oedometric modulus. In light of the above, the authors have assembled Table 7 with soil types and the related characteristic values of geotechnical input parameters for the calculation of presumed bearing capacities.
Soils were classified according to geotechnical practice into three main groups: granular, transient and cohesive soils. The main groups contain three soil types each. For clays, in accordance with the Hungarian geomorphological conditions, physical properties associated with normally consolidated soils were taken into account. The soil types were defined according to the soil classification system of EC7; this allows engineers to match the soils in a ground investigation report to those in Table 7 . To each of the 27 varieties of soil type and condition in Table 7 , the authors have assigned values for bulk density and shear strength, based on literature data and professional experience. For the sake of comprehensiveness and ease of use, but also keeping in mind the approximate nature of the proposed method, simplifications were introduced when assigning the values in the table (especially the unit weights). These may be regarded as characteristical values belonging to the defined soil categories.
Failure mechanism
To allow for clarity and comprehensibility in each aspect of the proposed method, in its background, application and limits of applicability, a short overview shall be given on the applied mechanism of bearing failure and the analytical calculation of the limit load.
The load bearing capacity of the soil was termed "bearing pressure at failure" in the former MSZ 15004 [16] , and the limiting bearing pressure was calculated by dividing it with safety factors, while the EC7 [17] uses the terms "characteristic and design value of bearing resistance". In accordance with the design procedures, there are in principle four ways to establish the limit load of a foundation:
1. By applying experience gained from nearby buildings; 2. Experimentally by load testing; 3. Through analytical methods developed for limit states; 4. Through indirect methods, e.g. using probing results.
From the above approaches, Nr. 3 will be important further on, since the presumed bearing capacities can be determined by applying limit state calculations to derive the bearing capacities.
A number of theories exist, but the limit state analysis based on failure surface is the most widespread [1, 5, 8, 9, 22] . The proposal found in Annex D of EN 1997-1 [17] also belongs to this group of theories, which is based on curved slip surface theory of Terzaghi [24] . These in turn are based on plane strain conditions and uniform pressure distribution at the foundation base. The limit load can be determined depending on the alignment and shape of the slip lines, and the distribution of shear stresses along them.
The main features of Annex D [17] will be outlined shortly because the bearing capacity calculation is influenced by the extension of failure surface primarily in terms of groundwater.
Since the base of the foundation is rough, the friction prevents the soil mass in region I. to slide laterally, and it acts as if attached to the foundation. Point D therefore moves vertically downward, and the slip surface emanates from this point with a vertical tangent. Due to the friction along the line BD, the section of the slip surface between DE is curved, and becomes straight beyond point E (section ED), with an inclination of 45°-φ'/2, with a corresponding passive Rankine state in region III.
It follows Terzaghis theory that the shape of the failure surface depend on the internal friction angle. As the internal friction angle increases, so does the distance at which the slip surface reaches the gound level and the depth below foundation level which it reaches.
When applying this theory, the largest depth reached by the slip surface lies at approximately 0.75•B for φ'=15°, while it increases to cca. 1.2•B for φ'=30°, therefore a uniform depth of B was taken into account in later calculations. 
Calculation of bearing resistances
Keeping an eye on the purpose of the suggested method, i.e. it is intended to be applied in pre-dimensioning and for the design of low-importance buildings, the foundation dimensions and the loading types were selected to match these goals. In the authors' opinion, the foundation width is not expected to exceed B=2.0m for smaller buildings and favourable ground conditions, and the smallest cover depth around the footing is not likely to be larger than d=2.0m. Furthermore, the foundation loads are expected to be central and vertical. If the load is inclined or eccentric, then the slip lines will be distorted which reduces the bearing capacity. This is included in the bearing capacity formula through inclination factors. Inclined loads cannot be handled in a simplified calculation therefore the method presented here cannot be applied in those cases.
The bearing resistance calculations were carried out with each set of the geotechnical parameters given for the 27 soil types in Table 7 (assuming that the soil beneath the foundation level is at least 1.5 times thicker, than the footing width), both for strip foundations and column footings with a square base. First, the characteristic value of the bearing resistance (R k ) was calculated according to Annex D of MSZ EN 1997-1:2006 under drained conditions, then dividing this value by the footing area, the formerly used bearing pressure at failure (σ t ) -a term not used in EC7 -was calculated. The influence of the groundwater level was examined in 3 situations for each soil type (Fig. 3) . In the first situation (Fig. 3a) the groundwater has no effect on the bearing resistance since it lies deeper than the footing width beneath the foundation level. In the second situation (Fig. 3b) the area enclosed by the logarithmic spiral slip line is mostly submerged under water. In the third situation the foundation lies completely under the water table, and the weight of the cover is reduced by the buoyancy force. Of course, if the groundwater table lies at the border of the investigated situations presented in Fig. 3 , interpolation between the presumed bearing capacity values is allowed.
The initial values of strip foundation width and cover depth were B=1.0m and d=1.0m for the calculation of the characteristic value of the bearing resistance, as in the case of the former "permissible bearing pressure" method.
Taking into account the slight increase in safety on the action side introduced in Eurocode, literature data, and previous Hungarian experience, the safety against failure was set to n=2.25. This can also be interpreted as a model factor of 1.6 besides the partial factor against bearing capacity failure (γ R =1.4, 1.4•1.6≈2.25). If a partial factor of 1.4 is taken into account as the weighted average of permanent γ G =1.35 and variable action γ Q =1.5 on the action side, then global safety becomes approx. 2.25•1.4=3.15, which harmonizes with the international practice and domestic experience.
With the procedure presented above, the design value of the presumed bearing capacity (pressure) was calculated from R k /2.25, and the resulting pressure values are shown in Table 8 , rounded to 25 for the sake of simplicity. The symbol selected for the design value of the presumed bearing capacity (pressure) is σ pb;d .
It should be underlined that the position of the groundwater table has practically no effect on the bearing resistance for cohesive soils (as can be seen from the values in Table 8 ), but plays an ever increasing role as the soil grains get coarser. Furthermore, in the formula for bearing resistance consisting of 3 parts, only the bearing capacity factor for cohesion has a pronounced effect on the results in case of cohesive soils, whereas changes in the foundation width or cover depth have almost no effect on the resulting bearing pressures at failure (the characteristic value of bearing resistance).
Deriving the shape and depth factors
The bearing capacity of a foundation is influenced by its width, the cover depth, and the type of foundation (strip foundation or column footing) [1, 4, 12, 21] . For this end, shape and depth factors have been determined that account for these circumstances. However, opposed to the previous Hungarian method, and conforming better to the structure of the bearing resistance formula, these are different for each of the three soil groups. To determine these factors, the bearing resistance calculations were extended to combinations of foundation width of B=0.5-2.0 m and cover depths ranging between d=0.5-2.0m, both for strip foundations and column footings with a square base.
The main goal for the determination of the shape and depth factors was to find correlations which allow for a maximum deviation of ±10% from the exact values obtained from the bearing capacity formula for the same width and depth. The derived shape and depth factors are shown in Table 9 , as a function of foundation width and cover depth, for the three different soil groups.
As it can be seen from the table, compared with the former Hungarian method, the shape factors for column footings have changed a little for transient and cohesive soils (1.3 instead of 1.25), but for granular soils the values may be significantly different depending on width and depth. The depth factor corresponds to the one found in the former method for granular soils (which yields the best fit to the values obtained from the bearing capacity formula). However, the effect of foundation width is smaller in the newly introduced soil group, for transient soils. It is negligible for cohesive soils; hence it does not appear in the depth factor for this soil group. Thus the depth factors resemble well the tendency that as the soil gets more and more cohesive, the effect of foundation width and depth on the bearing capacity reduces. When inserting B=1 m and d=1 m into the formula of the depth factor, we get d pb =1.0 for each soil group, i.e. we arrive at the base value.
Calculation procedure according to the proposed method
With the help of the values of presumed bearing capacities given in Table 8 and the shape and depth factors from Table  9 , the bearing resistance of foundations may be estimated. The assumed ground investigation methods, the limited extent of laboratory tests, the experience-based values for shear strength and the simplifications made when deriving the presumed bearing capacities all bear uncertainties, thus the method proposed by the authors bears larger uncertainty than that connected with the characteristic value of the bearing resistance calculated according to EC7 [17] . To account for these, instead of the safety factor for bearing resistance of γ R =1.4 after EC7 [17] , a larger value of 2.25 was adopted -as explained before -for the calculation of the design value of the presumed bearing capacities.
With the help of the values and factors defined above, the bearing resistance of a foundation against central, vertical loads may be calculated and checked against the design value of the vertical, central foundation loads as follows: The above discussed method gives similar allowable pressure values on the foundation level as the previously presented correlations of Austrian and currently valid German codes. These pressures are nearly twice as much as the ones found in the Anglo-Saxon literature [3, 13] . But comparison of safety levels between the calculation method proposed by the authors and the ones found in the literature cannot be made unambiguously. In the method of the authors the soil categories, descripted with clearly defined physical soil properties (grain size distribution, plasticity index, consistency index, and relative compaction), can be classified into narrow ranges, and shear strength parameters are also assigned to them. Contrary to this, the other, discussed methods give broader soil classes and physical properties, moreover shear strength parameters cannot be deduced and the global safety against failure is not defined. Analysing the calculation methods' pressure values and their correspondence, safety levels of the different methods can be similar, but use of soil categories characterized by broad limits and vaguely defined physical properties may lead to significant over-dimensioning, or in a worst-case scenario, to insufficient safety.
Conclusions
The paper presents a simplified calculation method to estimate the bearing resistance of shallow foundations, according to the principles and rules of EC7 [17] .
Before developing the new method, a research was carried out into the background of the previous, similar, Hungarian method and international counterparts. Geotechnical parameters were assigned based on experience to the most commonly found Hungarian soil types, which were later used as input for the analytical bearing capacity calculations. The calculations were extended to different foundation geometries, and possible positions of the groundwater table. It was found that both the tabulated values of the presumed bearing pressures and the modifying factors needed to be adjusted. Furthermore, emphasis has been put on the aspect that the details of the proposed method (soil groups and classification, etc.) should comply with the currently effective standard.
For the calculations, nine soil types were defined and categorized into 3 groups, based on their grain size distribution and plasticity. For each soil type, 3 sub-types were set up, based on compactness and consistency. Geotechnical parameters that are required for bearing capacity calculations were assigned to each soil type and sub-type, based on experience. The effect of the groundwater level was analysed more thoroughly than in earlier methods, by considering three possible situations: deep-lying water table with no effect; water table closely below the foundation level; and a completely submerged foundation. Having carried out the bearing resistance calculations for strip foundations and column footings of different widths and cover depths according to the method in Annex D, section D.4 of EC7 [17] , so-called presumed bearing capacities were assigned to each soil type and condition, conforming to the principles of EC7. To assess the effect of geometrical features (foundation width and depth), shape and depth factors have been assigned to each soil group.
The newly proposed method covers a wider range of applicability and provides a more precise estimate of bearing resistance than the previous Hungarian and international methods. Nevertheless, it is still intended to be used only for pre-dimensioning in geotechnical category 2, but in geotechnical category 1 it may also be applied for final design.
It must be stressed that the method is not a substitute for the analysis of serviceability limit states, i.e. settlement calculations. According to our experience, the majority of building damage can be traced back to settlement problems, especially for motions arising from differential settlement. Despite of the fact that using the soil categories given, cover depth, footing width intervals and allowable bearing pressure values, the allowable 4-5 cm settlement of separate footings (according to EC7 annex H [17] ) is not expected to be exceeded, the calculation of settlements and differential settlements still needs to be carried out, along with their evaluation as to whether or not they are compatible with the structure.
Besides validating the basis for the application of the proposed design method, the field of application, along with its limits also needs to be clarified. The geotechnical categories introduced in EC7 provide an excellent basis for this, but it is well-known that determining the geotechnical category is in many cases an ambiguous task that requires the close cooperation of the geotechnical and structural engineer.
Finally it is emphasised that the presumed bearing capacity (σ pb;d ) is not a soil mechanical parameter, thus it does not need to be included in a ground investigation report. It has to be determined in the course of the design process, in conjunction with the structural system of the building, the building loads, the sensitivity against settlement, etc. 
